Abstract. Lung cancer is a type of malignant tumor derived from the respiratory system, which is the leading cause of cancer-associated mortality worldwide, of which ~80% of cases are attributable to non-small cell lung cancer (NSCLC). A previous study demonstrated that 1α,25-Dihydroxyvitamin D 3 (1α,25(OH) 2 D 3 ), derived from the vitamin D metabolic pathway contributes an antitumor effect.
Introduction
Lung cancer is a type of malignant tumor derived from the respiratory system that is further classified into non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). NSCLC accounts for ~80% of lung cancer cases (1) . NSCLC includes squamous cell carcinoma, adenocarcinoma and large cell carcinoma; of which adenocarcinoma presents with an increased onset. Adenocarcinoma demonstrates a reduced degree of malignancy compared with SCLC. The clinical symptoms of NSCLC differ depending on tumor size, location and metastatic range (2) , and early NSCLC is often insidious, producing no visible symptoms until the disease is at an advanced stage. Due to the high degree of malignancy and rapid progression, the majority of patients are already in the mid-late stage of disease by the time of diagnosis. At this advanced stage of disease, surgical procedures are of no benefit to patients and therefore lung cancer is the principal cause of cancer-associated mortality worldwide (3, 4) . Due to the changes of lifestyle and environmental pollution aggravation, lung cancer presents an increasing rate of mortality, and younger trend (5, 6) . As the occurrence and development of lung cancer is multi-factorial, polygenic and multi-level process, there is still a requirement for an accurate diagnosis method in the early stages. However, the effects of treatments for advanced lung cancer are not favorable, with a poor prognosis (7, 8) . Thus, early detection, early diagnosis, and early treatment are essential to improve the quality of life and survival of patients with lung cancer.
In previous years, vitamin D has been demonstrated to exert a range of biological functions, which include promoting calcium absorption, maintaining bone formation and reducing tumor occurrence and development (9, 10 is the main active metabolite of vitamin D which can inhibit lung cancer cell proliferation, activation and progression through promoting apoptosis (13, 14) . However, 1α,25(OH) 2 D 3 requires activation by the vitamin D metabo1ic pathway (15) . Therefore, it is postulated that the aberrant expression of the essential enzymes CYP27A1, CYP27B1, and CYP24A1 may be associated with lung cancer. However, no previous research has been conducted to clarify the association between CYP27A1, CYP27B1 and CYP24A1 expression with NSCLC. The aim of the present study was to investigate CYP27A1, CYP27B1, and CYP24A1 expression in NSCLC. Inclusion criteria for the study were as follows: All subjects were newly diagnosed with lung cancer; all subjects received surgery for the first time; no chemotherapy or radiotherapy was conducted prior to surgery; all subjects had signed an informed consent prior to the study. Exclusion criteria were as follows: Recurrent lung cancer; previously received surgery; previously received chemotherapy or radiotherapy; combined with other disease, including infectious disease, malignant tumor, severe diabetes, severe renal and liver disease, pulmonary fibrosis, bone metabolic disease and systemic autoimmune disease. Cancer tissues and para-carcinoma tissues (defined as controls) were collected and stored at -80˚C. The experimental protocols for the present study were pre-approved by the Ethical Committee of the Affiliated Hospital of Qingdao University and written informed consent was obtained from all patients prior to the study. 
Materials and methods

Patient
Reverse transcription quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from patient lung tissues using TRIzol ® reagent, according to the manufacturer's protocol. Total RNA was reverse transcribed to cDNA using Superscript III reverse transcriptase (Invitrogen; Thermo Fisher Scientific, Inc.). qPCR was performed to detect CYP24A1, CYP27A1 or CYP27B1 relative gene expression using a qPCR kit (Power SYBR™ Green PCR Master Mix; Thermo Fisher Scientific, Inc.), run on the Perkin Elmer Gene Amp PCR System 2400 thermal cycler. The reaction conditions were as follows; 92˚C for 1 min, followed by 35 cycles of 90˚C for 30 sec, 58˚C for 50 sec and 72˚C for 35 sec. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was selected as an internal reference gene. Melting curve analysis was performed to verify the target specificity of primers. Relative gene expression levels were quantified using the 2 -ΔΔCq method.
Clinical data collection. Patients' age, sex, clinical stage, pathological type, differentiation status and prognosis were recorded and followed up.
Western blot. Total proteins were extracted from tissues by the addition of RIPA lysis buffer (Thermo Fisher Scientific, Inc.) and incubated at 4˚C for 30 min, followed by centrifugation at 12,000 x g for 10 min at 4˚C. Supernatants were transferred to new tubes for quantification of extracted protein concentrations using a BCA assay. Total proteins (20 µg) were separated on 8-12% SDS-PAGE gel, and transferred to a PVDF membrane. Membranes were blocked by incubation with 5% skimmed milk for 1 h at 25˚C. The membranes were incubated with primary antibodies, rabbit polyclonal to CYP24A1 (cat. no. ab96691, Abcam, Cambridge, UK), Rabbit polyclonal to CYP27A1 (cat. no. ab64889, Abcam) or Rabbit monoclonal to CYP27B1 (cat. no. EPR20271, Abcam), (1:1,000) at 4˚C overnight. The following day, membranes were further incubated in horseradish peroxidase-conjugated goat anti-rabbit secondary antibody (cat. no. ab6721, Abcam; 1:1,000) at 37˚C for 1 h. Proteins were detected using enhanced chemiluminescence reagents (Thermo Fisher Scientific, Inc.).
Statistical analysis. Statistical analyses were performed using SPSS v.16.0 software (SPSS; Inc., Chicago, IL, USA) and data were presented as the mean ± standard deviation. Multiple group comparisons were performed using one-way analysis of variance and Fishers's least significant difference test. Enumerate data were presented as percentage and compared by χ 2 test. Survival was assessed by Kaplan-Meier analysis. A Cox proportional hazards regression model was used for univariate and multivariate analysis. P<0.05 was considered to indicate a statistically significant difference. 05; Fig. 1A) . Conversely, CYP27A1 mRNA levels were marginally elevated in cancer tissues compared with controls, but no significant differences were observed (Fig. 1B) . However, relative CYP27B1 mRNA expression levels were significantly upregulated in cancer tissues compared with para-carcinoma control tissues (P<0.05; Fig. 1C ).
Results
CYP24A1
CYP24A1, CYP27A1 and CYP27B1 protein expression in lung cancer. Comparable to the mRNA expression profiles, the protein expression of CYP24A1, CYP27A1 and CYP27B1 was elevated in cancer tissues compared with controls (Fig. 2) .
CYP24A1 expression in patients with NSCLC with different pathological characteristics. qPCR and western blot analysis were used to detect CYP24A1 mRNA and protein expression in patients with NSCLC with different TNM stage, pathological type and differentiation status. The results from the present study suggested that CYP24A1 mRNA and protein levels increased with increasing TNM stages, although no statistical differences were observed. CYP24A1 levels were markedly elevated in adenocarcinoma compared with squamous cell carcinoma and large cell carcinoma (P<0.05), but there was no significant difference between squamous and large cell carcinoma. CYP24A1 demonstrated increased expression in the poorly differentiated group, followed by the moderately differentiated compared with well-differentiated groups (P<0.05; Fig. 3A-C) .
CYP27B1 expression in patients with NSCLC with different pathological characteristics.
Analysis by qPCR and western blot was applied to measure CYP27B1 mRNA and protein expression in patients with NSCLC with different TNM stage, pathological type and differentiation status. The results from the present study revealed that CYP27B1 mRNA and protein levels were significantly elevated with increasing TNM stage (III and IV vs. I and II, P<0.05). However, the levels of CYP27B1 were not significantly different between different pathological types. Furthermore, CYP24A1 levels were increased in the poorly differentiated group, followed by moderately differentiated and well differentiated (P<0.05; Fig. 4A-C) .
CYP24A1 and CYP27B1 mRNA expression levels in patients with NSCLC. The differences in CYP24A1 and CYP27B1 mRNA expression in patients with NSCLC in association with age, sex, smoking and prognosis were compared. The results from the present study demonstrated that comparisons of CYP24A1 mRNA levels in patients with different age, sex and smoking presented no significant differences (Table II) . In the prognosis analysis, patients with a survival time of <5 years had increased CYP24A1 mRNA levels compared with patients with a survival time ≥5 years (P<0.05). Similar with CYP24A1, CYP27B1 mRNA levels demonstrated no significant differences in patients with different sex, gender or smoking status. In the prognosis analysis, CYP27B1 mRNA levels were increased in patients with a survival time of <5 years compared with a survival time of ≥5 years (P<0.05; Table II ). To compare the differences in survival time between patients with varying CYP24A1 or CYP27B1 expression levels, Kaplan-Meier curve analysis was performed. Patients with increased CYP24A1 or CYP27B1 expression demonstrated a significantly shorter survival time compared with patients with reduced CYP24A1 or CYP27B1 expression ( Fig. 5A and B; P<0.05).
Discussion
Lung cancer is the most common type of cancer and recurrent respiratory tract malignant tumor worldwide, and NSCLC accounts for the majority of lung cancer cases with poor prognosis (1). The average survival period for patients with NSCLC is short even following surgery, chemotherapy and radiotherapy (16) . Following an in-depth investigation of lung cancer biology and pathogenesis over previous years, there have been notable advances in the diagnosis and treatment of lung cancer. However, the identification of specific biomarkers for the early diagnosis and prognosis of lung cancer is still required (17) . The most bioactive metabolite of vitamin D, 1α,25(OH) 2 D 3 has been confirmed to contribute various non-endocrine functions in addition to maintaining calcium stability; including anti-proliferative activity, induction of cell differentiation, promotion of cell cycle stagnation and apoptosis, inhibiting cytopoiesis and regulating tumor occurrence and development (18, 19) . Vitamin D generates 1α,25(OH) 2 CYP27A1, CYP27B1, and CYP24A1 belong to the cytochrome P450 (CYP450) family. CYP450 is an important microsomal multi-functional oxidase family of hemoglobin enzymes. CYP450 is expressed in various tissues and organs, and has a variety of biological functions, including oxidation and metabolism of endogenous and exogenous substances. Previous studies have demonstrated that CYP24A1 is overexpressed in skin (22) , colon (23) , ovarian (24) , prostate (25) and lung cancer (26) . It promotes tumorigenesis through the stimulation of signaling pathways and is associated with poor prognosis (27, 28) . However, there is still a lack of evidence to support the association of CYP27A1 and CYP27B1 with lung cancer. The present study confirmed that CYP27B1 and CYP24A1 mRNA expression were significantly elevated in patients with NSCLC. CYP24A1 expression was not associated with age, sex, smoking or TNM stage, but with pathological type, differentiation and prognosis. CYP27B1 expression was significantly associated with TNM stage, differentiation and prognosis, as opposed to age, sex, smoking status and pathological type. However, a previous study revealed that increased CYP27B1 expression in tumors was significantly associated with improved overall survival (29) . However, this association was attenuated when covariates and confounding variables were adjusted in the regression model. The discrepancies between the present study and the Kong et al (29) study may be due to the clinical characteristics of enrolled patients, including age, sex and disease stage.
It has been suggested that the effect of 1α,25(OH) 2 D 3 on tumor cell development was dependent on CYP27B1 and CYP24A1 activity. In addition, the polymorphism of CYP24A1 and CYP27B1 has been demonstrated to be involved in the modulation of vitamin D metabolism in colon cancer, evidenced by marked changes in enzymatic activity in colon cancer cells, resulting from the polymorphism of CYP24A1 and CYP27B1 (30) . These alterations may possibly cause differential 1,25D exposure in colonic cells, which may render individuals more susceptible to the development of colon cancer.
In conclusion, CYP27B1 and CYP24A1 may be treated as independent prognostic factors of NSCLC, and may be new therapeutic targets to assist clinical diagnosis, treatment and prognosis of disease. However, the exact mechanism by how CYP27B1 and CYP24A1 are involved in the pathogenesis of NSCLC remains unclear and requires further investigation. 
